An abstract of the thesis of Jodi L. Head for the Master
Twenty adults (ages 20-37) with normal hearing and normal middle ear function were selected as subjects.
Commercially available equipment (Virtual 330) was used to measure the DPOAEs on all subjects. The unit was modified to change canal pressure by coupling the probe to the pressure pump of a clinical acoustic immittance system. (Brownell, 1990; Glattke & Kujawa, 1991; Lonsbury-Martin, McCoy, Whitehead, & Martin, 1993 Click-evoked emissions were first observed by Kemp (1978) . Commercially-available in~trumentation now allows quick and easy measurement of these. Recent investigations suggest the use of distortion products as a means of gaining frequency specific information on auditory function (Chery-Croze, Moulin, & Collet, 1993; Lasky, Perlman, & Hecox, 1992; Lonsbury-Martin & Martin, 1990) . DPOAEs are measurable in essentially all ears with normal hearing sensitivity (Glattke & Kujawa, 1991; Kemp, Bray, Alexander, & Brown 1986; Lasky, Perlman, & Heqox, 1992; Lonsbury-Martin, McCoy, Whitehead, & Martin, 1993) .
A decrease in emission amplitude is reported in ears with pure-tone thresholds between 15 and SO dB HL (Glattke & Kujawa 1991) . DPOAEs have been reported to be absent in impaired ears with pure-tone thresholds in excess of [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] dB HL (Glattke & Kujawa, 1991; Lonsbury-Martin & Martin, 1990 (Glattke & Kujawa, 1991) . Resp~nses were recorded with a time delay of approximately six milliseconds. Glattke and Kujawa make reference to this long delay as "sufficient time for sound to travel more than 6 feet" based on 1,100 feet per second as the speed of sound traveling in air. Wit, Langevoort, and Ritsma (1981) Accumulating evidence suggests that OAEslare indeed the result of an active mechanism within the cochlea (Brownell, 1990; Glattke & Kujawa, 1991; Lons~ury-Martin & Martin, 1989) . In order for evoked emissions to be recorded several events must take place. Thelstimuli The exact site of origin of emissioris ~is·still under examination. H0w~vt7.:r., recent zt1Jdies report the outer hair cells as having electromotile capabilities, which according to Brownell (1990) , "appear to be responsible for the cochlea's ability to generate sound" (p. 82). The movement of the outer hair cells are thought to be responsible for the production of the reverse traveling wave within the cochl~ar fluids (Lonsbury- . Studies in which outer hair cell damage was found to broaden the frequency tuning of the traveling wave and reduce its sensitivity support the view that outer hair cells act as a cochlear amplifier (Brownell, 1990 ; (Hall, 1972) . Goldstein (1967) proposed that distortion products are generated within the cochlea. His work, attributing the cochlea as the source of the nonlinear production has gained widespread acceptance (Gaskill & Brown 1990; Hall, 1972 (Glattke & Kujawa, 1991; Kemp, Bray, Alexander, & Brown 1986; Lasky, Perlman, & Hecox, 1992;  Lonsbury- Martin, McCoy, Whitehead & Martin, 1993) . Smurzynski, Leonard, Kim, Lafreniere, and Jung (1990) tested DPOAEs in normal and impaired adult ears and found good correlation between pure-tone t~resholds and DPOAEs.
Some discrepancy is noted as to the relationship between pure-tone sensitivity and recordable DPOAEs in the impaired ear. Glattke and Kujawa (1991) 12 Several other variables can effect the recording of DPOAEs including the frequency ratio of the two primary tones used to elicit the emissions. Kemp, Bray, Alexander, and Brown (1986) Each c·andidate was required ·to meet the following criteria in order to participate in the study: 1) no evidence of physical abnormality to either ear; 2) puretone air conduction thresholds of less than or equal to 15 dB HL at . 25, . 5, 1, 2 ,_ 3, 4, 6, and 8 kHz in both ears;
3) pure-tone bone conduction thresholds within 5 dB of air conduction thresholds; 4) tympanometric peaks (using a 226
Hz probe tone) within ±15 daPa of ambient pressure. TEST ADMINISTRATION
Subjects were tested in a sound booth at Oregon
Health Sciences University. Each subject was seated comfortably in a chair throughout the testing. Test ears were examined otoscopically to ensure the canal was free of cerumen and to determine canal size for proper probe tip selection.
A probe tip was inserted into the test ear and an ~ir-tight seal obtained. Two tones were presented simultaneously and the resulting emission was recorded at the frequency of the cubic difference distortion product (2fl-f2) . The ratio of the f2 to fl eliciting tones were held constant at 1.21 as this has been suggested as the ratio to yield to greatest response (Franklin, McCoy~ Martin, & Lonsbury-Martin, 1992; Gaskill & Brown, 1990; Roede, Harris, Probst, & Xu, 1993) . Analysis of variance with amplitude as the dependent variable and pressure as the independent variable was computed. As seen with the low freqt,lency tone pair, this tone pair also revealed a significant main effect for the pressure variable (see Table 3 ). Post-hoc analysis using Tukey's pairwise comparisons revealed significant differences between the +200 daPa and 0 daPa conditions and the -400 daPa and O daPa conditions (see Table 4 ) . No other significant differences among pressures were revealed. Table 5 ). No significant effects were noted across the pressure variable. Fournier, 1992; Shanks, 1984) . Deviation of ear canal pressure from ambient pressure causes the tympanic membrane and the ossicular chain to be displaced tpus increasing the stiffness of the middle ear system and inhibiting transmission of low frequency energy (Trine, Hirsch, & Margolis, 1993) .
OAEs allow for objective noninvasive measurement of cochlear function (Glattke & Kujawa, 1991; Lasky, Perlman, & Hecox, 1992; Lonsbury-Martin, McCoy, Whitehead, ~ Martin, 1993) . Given the noninvasive nature,· the relative ease of recording, and the objectivity of measurement,
OAEs have. gained recognition as a useful screening method (Glattke & Kujawa, 1991; Lonsbury-Martin & Martin, 1990) .
DPOAEs are suggested as a means of gaining frequency specific information on auditory function .<chery-Croze, Moulin, & Collet, 1993; Lasky, Perlman, & Hecox, 1992;  Lonsbury- .
It is evident in the examination of the data collected for this study that the middle ear system does influence the propagation of emissions. It is therefore critical that middle ear function be fully documented prior to the measurement of DPOAEs. The test protocol for this study included maintaining .the amplitude of the eliciting stimuli while the frequency of the primary tones varied. An expansion of this research could be conducted in which the amplitude of the eliciting stimuli varies, thus generating a response growth or input/output function~ The input/output function allows for information to be obtained regarding detection threshold, dynamic range and growth slope and may po~sibly allow the detection of more subtle influences on the recording of DPOAEs. The significance of the input/output function as a diagnostic tool is not well defined. However, Norton and Stover (1994) and Probst, Lonsbury-Martin, and Martin (1991) review a number of studies which suggest an expanding role for the input/output function in differentiating various auditory pathologies. As _an example, Naeve, Margolis, Levine, and Fournier (1992) reported that the input/output function flattened out as ear canal pressure varied from ambient.
It is possible that the input/output slope could serve as an indicator for differentiating conductive from cochlear causes of reduced DPOAE amplitude.
